Acute necrotizing encephalopathy (ANE) is a fulminant encephalopathy characterized by multifocal symmetrical lesions in the thalami and other locations such as cerebral white matter, cerebellar medulla, and brainstem tegmentum [1, 2] . More than 90% of patients had fever and upper airway infection prior to the onset of encephalopathy [1] . Almost all the patients develop seizures and disturbance of consciousness accompanied with decerebrate or decorticate posture [2] . The pathogenesis of ANE could be immune-mediated. It has been reported that cytokines, such as tumor necrosis factor-a (TNF-a), interleukin (IL)-1b, IL-2, IL-6, IL-10, and IL-15, play a role in ANE [3e5] .
ANE often affects children younger than 5 years old in the Far East, mostly in Japan, Taiwan, and Korea [1, 2, 6] . Adult cases were seldom reported. It is still uncertain whether adult patients with ANE display clinical features different from patients with typical pediatric onset. Furthermore, alterations in neuroinflammatory factors in patients with ANE have not been well-characterized. Here, we present an adult case in which we examined five common microglia/macrophagemediated cytokines to reveal potential biomarkers in adult ANE. To clearly delineate the clinical features of adult ANE, we examined reported cases of adult ANE and compared the clinical presentations of our patients with those reported in the literature. Our findings may improve our understanding of this immune-mediated encephalopathy.
Material and methods

Report a case
We presented an adult female case of ANE. We diagnosed ANE according to the diagnostic criteria suggested by Mizuguchi M [3] . The criteria are summarized below:
1. Rapid conscious change and convulsions following a febrile viral infection.
Elevation of protein without pleocytosis in cerebrospinal fluid (CSF). 3. CT or MRI showing symmetric lesions in bilateral thalami;
Other locations such as cerebral periventricular white matter, internal capsule, putamen, upper brain stem tegmentum and cerebellar medulla are also common; Except above locations, no other intracranial lesions. 4. Elevation of serum aminotransferases but not ammonia. 5. Exclusion of resembling diseases.
Cytokine, anti-glycolipid and paraneoplastic antibody analysis
Microglial activation plays an important role in neuroinflammatory diseases [7] . Therefore, we used enzyme-linked immunosorbent assay (ELISA) Kits to check the serum levels of five common microglia/macrophage-mediated cytokines, including IL-6 (R&D), matrix metalloproteinase (MMP)-9 (R&D), vascular endothelial growth factor (VEGF, R&D), tumor growth factor (TGF)-b1 (R&D) and vascular cell adhesion molecule (VCAM-1 (R&D) [8] . All serum samples were collected before treatment with high-dose steroid. Serum of gender and agematched controls were recruited from 18 female healthy volunteers (mean age: 37.56 ± 11.51 years). Anti-ganglioside (antiGD1a, anti-GD1b, anti-GM1, anti-GM2, anti-GM3, anti-GQ1b and anti-GT1b) and paraneoplastic anti-neuronal antigen (anti-TITIN, anti-SOX1, anti-RECOVERIN, anti-Hu, anti-Yo, anti-Ri, anti-Ma2, anti-CV2 and anti-AMPHIPHYSIN) autoantibodies will be tested by immunoblot strip kit (Euroimmun) according to the manufacturer's instruction.
Literature search and review
Literature search was performed with PubMed. We searched the term as "acute necrotizing encephalopathy" with the filter of adult 19 þ years. The literature were reviewed from 1979, which is when ANE was first reported [9] , until November 2015. We enrolled case reports or case series that had individual information about clinical manifestations, laboratory data, brain images, and outcomes of adult patients with ANE. Twelve adult patients with ANE were identified in the literature [10e21]. In total, 13 patients, including this patient, are reviewed and discussed [ Table 1 ].
Results
Report a case
A 30-year-old female patient was admitted with EpsteineBarr virus (EBV)-related nasal cavity extranodal NK/T cell lymphoma. She began to develop a spiking fever (up to 40 C), cough, sore throat, and rhinorrhea following a 3rd round of chemotherapy with a CHOP regimen (Cyclophosphamide 100 mg þ Doxorubicin 60 mg þ Vincristine 2 mg þ Prednisone 1 mg/kg/day). Shortly afterwards, she experienced episodic generalized tonic-convulsive seizures followed by loss of
At a glance of commentary
Scientific background on the subject Acute necrotizing encephalopathy (ANE), a fulminant encephalopathy presenting with symmetrical lesions in the thalami, putamina, cerebral and cerebellar white matter, and brain stem tegmentum, is often found in childhood. It is still uncertain whether adult patients with ANE display clinical features different from patients with typical pediatric onset.
What this study adds to the field
We present an adult patient with ANE, and found high levels of IL-6 and VCAM-1 in the serum of our patient. By studying all reported adult ANE cases in the literature, we further found that adult ANE patients were more female-biased with a worse prognosis compared with classical pediatric ANE patients. consciousness within 24 h. Physical examination showed reduced consciousness, increased sweating, decerebrate posture, absence of pupillary light reflexes, decreased deep tendon reflex, and bilateral Babinski signs. Hemogram and biochemical studies showed leukopenia (3000/mL), and elevated C-reactive protein (CRP, 71.28 mg/L), aspartate aminotransferase (AST, 106 U/L), alanine aminotransferase (ALT, 43 U/L), and procalcitonin (48.64 ng/mL). The blood levels of glucose, ammonia, bilirubin, alkaline phosphatase, renal function, electrolytes, and thyroid function were within normal limits. Blood autoimmune markers, anti-glycolipids, and paraneoplastic anti-neuronal antibodies were all negative. CSF analysis showed high protein levels (133.5 mg/dL) and IgG index (1.18) without the presence of leukocytes. Her blood EBV genome copy number increased from 331 copies/ mL to 779 copies/mL over the course of two months. IgG and IgM to EBV-viral-capsid antigen and IgG to EBV-early antigen were absent in the CSF. Infectious studies for herpes simplex virus, human immunodeficiency virus, Japanese encephalitis virus, cytomegalovirus, and influenza virus A and B were negative. The repeated CSF cytology (2 sessions) were negative for malignancies. Initial brain computed topography (CT) in the emergency department showed bilateral low-density thalamic lesions [ Fig. 1A ]. Brain magnetic resonance imaging (MRI), performed 12 h after disease onset, found bilateral thalamic lesions with hypointensities and ring-like contrast enhancement on T1-weighted (T1W) images [ Fig. 1B ]. In addition, similar contrast-enhanced lesions were also noted in the midbrain, pontine tegmentum, and cerebellum [ Fig. 1B] . Water restrictions were detected in the bilateral periventricular white matter and thalami in diffusion-weighted images (DWIs, [Fig. 1C] ). Susceptibility weighted images (SWIs) showed bleeding in both thalami [ Fig. 1D ]. Follow-up brain MRI on day 11 of disease onset revealed bilateral thalamic hyperintensity on T1W images that suggested subacute hemorrhages in the necrotic region [ Fig. 2A] . Compared with the 1st MRI, contrastenhanced lesions over the brainstem tegmentum and cerebellum were no longer apparent [ Fig. 2B ]. T2-weighted (T2W) images with a fluid attenuation inversion recovery (FLAIR) sequence and DWI showed prominent hyperintensities over the periventricular white matter, thalami, midbrain, pontine tegmentum, and subcortical white matter of the cerebellum bilaterally [ Fig. 2CeD ]. These lesions were identified as microbleeds on the SWIs [Fig. 2E] .
Levels of cytokines checked one day after disease onset were shown in [Fig. 3 ]. As shown in [Fig. 3AeB ], serum levels of IL-6 (17.17 pg/mL; healthy controls: 1.43 ± 1.22 pg/mL) and vascular cell adhesion molecule 1 (VCAM-1) (3033.92 ng/mL; healthy controls: 589.71 ± 133.13 ng/mL) in this patient were elevated compared with sex-and age-matched controls. Serum level of TGF-b1 (14.78 ng/mL, healthy controls: 25.81 ± 6.97 ng/mL) was lower than that of control group [ Fig. 3C ]. Serum levels of MMP-9 (40.31 pg/mL; healthy controls: 90.61 ± 54.39 pg/mL) and VEGF (126.36 pg/mL; healthy controls: 113.58 ± 74.52 pg/mL) were similar to the control group [ Fig. 3DeE] .
Empiric antimicrobial treatment, including vancomycin, cefepime, and metronidazole, as well as acyclovir, were given immediately at admission. 
neutropenia, we did not prescribe steroid until 2 weeks later. Methylprednisolone pulse therapy (1 g/day) was started on day 15 of admission for a total course of 5 days. Since there was little improvement in consciousness and clinical condition, two courses of plasmapheresis with five fractions in each were given from day 20e30 and day 37e46. Oral prednisolone (1 mg/kg/day) was initiated on day 20, and was gradually tapered down until stopping treatment on day 46 because of sepsis. The patient died 3 months later because of septic shock.
Literature review and integration
Demographic presentation
As shown in [Table 1 ], in thirteen ANE cases (nine females and four males), the median age of onset was 30 years. Eleven cases were patients of Asian origin, and most of whom were Japanese (eight cases).
Clinical manifestations
All these thirteen patients had disturbance of consciousness and ten of them (77%) had fever. Seven cases (54%) got influenza virus infections or developed flu-like symptoms before change in consciousness. Influenza A and B virus infections were confirmed in four (31%) and one (8%) patient, respectively. Three (23%) cases had symptoms of gastrointestinal tract infection. Cranial nerves palsy were noted in 7 patients (54%), while decerebrate or decorticate postures were noted in 5 patients (38%). Pathological changes of deep tendon reflexes and Babinski's sign were observed in 5 patients (38%).
Laboratory features
Elevated liver enzymes, such as AST, ALT, or lactate dehydrogenase, were reported in 11 of the 13 cases (85%). Thrombocytopenia and/or coagulopathy were also noted in four patients (31%). All 11 patients who received a lumbar puncture demonstrated high protein levels in the CSF. Only two patients (22%) had pleocytosis [11, 19] . Cytokine levels in the serum and/or CSF were checked in four cases [11, 12, 19] . All cases showed elevation of IL-6 in the serum or CSF. In addition, elevated serum levels of IL-10 [19] and VCAM-1 (our case), and elevated CSF levels of IL-1b [11] , were observed.
Brain MRIs performed in 11 cases showed the characteristic findings of lesions bilaterally in the thalami (100%), brainstem and/or brainstem tegmentum (62%), cerebral white matter (39%), and cerebellum and/or cerebellar medulla (31%). T2W/FLAIR images and DWIs revealed hyperintensities all over these lesions. Bleeding was detected on SWI or gradient echo (31%).
The results of biopsies in two patients showed symmetric, edematous, and necrotizing lesions over the basal ganglia (including the thalami) and cerebral white matter [12] , as well as the midbrain [16] . Edematous lesions were also seen in the cerebral deep white matter, cerebellar dentate nuclei, and dorsolateral tegmentum of the brainstem [16] . Perivascular necrosis with hemorrhages was noted [12, 16] . Notably, lymphocytic or neutrophilic infiltrates were absent [12] .
Treatment and outcome
Anti-viral agents (62%), antimicrobials (31%), high dose steroid (38%), intravenous immunoglobulin (IVIG) (23%), steroid (8%), and plasmapheresis (8%) were used in the treatment of patients with adult ANE. Five patients (39%) died, and three patients (23%) had little or no clinical improvement. Among the five patients with improvement, only one patient completely recovered following treatment. Neurological sequelae persisted in the other four surviving patients. In 11 patients that literature had mentioned about treatment, 6 of them received immune therapy such as high dose steroid, IVIG, or plasmapheresis. Patients with immune therapy (2 patients died, 1 patient had little improvement, and 3 patient had neurological sequelae) displayed similar outcome to those who did not (2 patients died, 1 patient had little improvement, 1 patient had persisted neurological sequelae, and 1 patient had total recovery).
Discussion
We presented an adult case of ANE, a 31-year-old female, whose clinical features, laboratory data, and neuroimages fulfilled the diagnostic criteria of ANE suggested by Mizuguchi M [3] . Other differential diagnoses, such as lymphoma with central nervous system (CNS) involvement, acute disseminated encephalomyelitis (ADEM), and viral encephalitis were not likely. Central nervous system involvement of lymphoma developed in weeks to months [21e23], but the clinical deterioration of this case was full blown within days. Although elevated serum levels of pro-inflammatory cytokines have been reported in patients with NK/T cell lymphoma [24] , repeated cranial CT and MRI further excluded the recurrence of NK/T cell lymphoma. Moreover, negative results of repeated CSF cytology excluded the potential leptomeningeal involvement of lymphoma. However, CHOP treatment may increase the release of IL-6 and contribute to the development of ANE [25] . MRIs of brain in ADEM demonstrate asymmetrical cortical and subcortical lesions [26, 27] , whereas the neuroimaging studies of this patient showed symmetrical thalamic and subcortical lesions characteristic of ANE. Cerebrospinal fluid surveys of viral encephalitis including EBV, herpes simplex virus, Japanese encephalitis virus, and cytomegalovirus, were negative. Although we did not get the consent to obtain brain tissues for pathological confirmation, the diagnosis of ANE is still well-established.
In the literature review, we demonstrated that adult patients with ANE and pediatric ANE had similar clinical presentations, laboratory data, and imaging findings. Both groups of the patients commonly present with antecedent viral infection, fever, disturbance of consciousness, decerebrate or decorticate posture, cranial nerve involvement, and pathologic reflexes. Influenza A infection is the most common infection detected in patients with ANE [2] . Biochemical tests usually reveal elevated liver enzymes, while thrombocytopenia and coagulopathy are occasionally observed in hemograms. High protein levels without pleocytosis are typically observed in the CSF. Bilateral thalamic lesions in CT or MRI exist in all patients with ANE. Other regions, including the brainstem, cerebellum, and cerebral white matter, are also involved [2] .
However, adult patients with ANE had distinct sex distribution and prognosis from pediatric ones. Pediatric ANE affects boys and girls equally [22] , whereas ANE in adults appears to be more prevalent in females than in males (female/male ¼ 2.25). In children, the mortality rate of ANE is approximately 25%, while 60% (33% of all patients) of survivors recover without significant neurological sequelae [2] . In adults, the mortality 
rate of ANE is approximately 40% and most survivors have significant neurological sequelae. Although the number of adult cases was too small to interpret the data powerfully, we saw the trend that ANE in adult patients struck females more than males and had worse prognosis.
Poor prognosis in adult patients has also been observed in other CNS inflammatory diseases. In acute disseminated encephalomyelitis (ADEM), complete motor recovery was frequently seen in pediatric patients compared with adults [23] . The median time to reach an Expanded Disability Status Scale (EDSS) score of 4 was approximately 10 years longer in pediatric than in adult patients with multiple sclerosis (MS) [26] . Neuromyelitis optica (NMO) in children typically has a monophasic course and many have complete neurological recovery [27, 28] , whereas adult NMO frequently occurs as a polyphasic illness that is either fulminant and fatal, or associated with varying degrees of recovery [29] . These features suggest distinct immunological responses and neural repair potentials between pediatric and adult CNS inflammatory diseases.
Our cytokine assays further indicate the potential role of IL-6 and VCAM-1 in the pathogenesis of ANE in adults. Elevation of IL-6 has been previously reported in the serum and CSF of adult [11, 12, 19] and pediatric patients with ANE [3, 4, 30, 31] , as well as in other inflammatory and autoimmune diseases such as MS, systemic lupus erythematosus, rheumatoid arthritis, and systemic sclerosis [32] . IL-6 plays a role in the differentiation of B, Th2, and Th17 cells [32, 33] . Overexpression of IL-6 in mouse astrocytes leads to extensive breakdown of the bloodebrain barrier and neuroinflammation [34] . Further studies to assess the level of IL-6 in CSF and brain will provide more supports to the role of IL-6 in ANE.
VCAM-1, one of the adhesion molecules, mediates endothelial function by activation and adhesion of leukocytes [35] . High serum levels of VCAM-1, for the first time, were found in our patient with ANE. Compared with the levels in patients with MS and other non-inflammatory neurological diseases, the CSF levels of VCAM-1 are elevated in patients with NMO [36] . In the rat brain, VCAM-1 co-localizes with the apoptotic marker active caspase-3, indicating the association of VCAM-1 with neuronal apoptosis [37] . VCAM-1 is upregulated by many cytokines such as IL-1b and tumor necrosis factor (TNF)-a [35, 38] . It has been shown that the levels of IL-1b and TNF-a were also elevated in the serum of pediatric patients with ANE [3, 5] . Further studies to assess the levels of IL-1b and TNF-a in blood and CSF will elucidate the regulation of VCAM-1 in adult ANE. In experimental autoimmune encephalomyelitis (EAE) murine model, selective knockout of TGF-b1 in B cells exhibits increased neuroinflammation and demyelination [39] . Fig. 3 Serum levels of five common microglia-mediated cytokines. Higher serum levels of IL-6 (A) and VCAM-1 (B) were seen in this adult case of ANE compared with control group. Serum level of TGF-b1 (C) was lower, whereas MMP-9 (D), and VEGF (E) were similar to that of the control group.
Administration of TGF-b1 prevented the occurrence of relapses in EAE mice [40] . The finding of low serum TGF-b1 level in our patient further suggests a possible role for TGF-b in the regulation and treatment of ANE.
Conclusions
This adult patient with ANE showed high serum levels of IL-6 and VCAM-1, and low serum TGF-b1 level. Although these findings are similar to those in pediatric ANE, these cytokine deregulations still provide important information on precision medicine targeting relevant pathways in adult ANE. More systemic surveys of cytokine profiles will be important to elucidate the differences between adult and pediatric ANE. Our literature study demonstrates that adult and pediatric ANE share the similar clinical symptoms, biochemical data, and CT/MRI findings, whereas adult ANE tends to have female preponderance and relatively poor prognosis compared to pediatric ANE. These findings advance our understanding of this rare neuroinflammatory disease in adult patients.
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